Influenza viruses cause annual epidemics and occasional pandemics of acute respiratory disease that lead to significant health threats to people worldwide [1] . The natural mutation of influenza virus over time, antigenic drift, may result in a loss of immunity and vaccine mismatch [2] . Gene reassortment is the mechanism of antigenic shift of influenza A virus that can lead to the emergence of a pandemic strain [3] [4] [5] . Because influenza virus replication has an inherently high mutation rate, the Taiwanese Centers for Disease Control (CDC) has coordinated a laboratory-based virological surveillance network since 2000 to provide updated information about viral characteristics and activities [5] [6] [7] .
Antigenic characteristics determined by the hemagglutination inhibition (HAI) assay can determine how local strains compare to vaccine strains immunologically. If there is no antigenic similarity between the circulating and vaccine influenza strains, vaccine mismatch could lead to inadequate protection for those who have received the vaccine. In some regions, especially in countries close to China, there is usually a lag time of 1-2 years before an epidemic strain is recommended by the World Health Organization (WHO) to be the vaccine strain [5] . Recent surveys of influenza viruses in Taiwan by hemagglutination (HA) sequence comparisons have indicated a high rate of vaccine mismatch and found that epidemic strains in Taiwan often became the vaccine strains 2-3 years later [5, 6] . Therefore, early recognition of epidemic strains could assist health care providers in determining the antigenic characteristics of possible vaccine mismatch and choosing the appropriate control measures, including antiviral agents against H1N1, H3N2, or influenza B virus. Little is known about how to forecast annually dominant subtypes of influenza virus before the start of the winter influenza season. In this study, we aimed to discover the baseline HAI antibody responses of children, adults, and elderly individuals against the selected local strains before the start of the winter influenza season and to identify possible signals that could predict the dominant circulating influenza virus subtypes that occur during winter epidemics in Taiwan.
PATIENTS AND METHODS
Subjects and study design. The study was conducted at the National Taiwan University Hospital, located in downtown Taipei City, Taiwan. The 3-year study protocol was approved by the Ethical Research Committee. Healthy children 6 months to 5 years of age, adults 18-60 years of age, and elderly individuals 160 years of age living in Taipei City and Taipei County were eligible for enrollment. Inclusion criteria included informed consent of subjects, parents, or guardians and availability for the study visits. Exclusion criteria included receipt of influenza vaccine within the previous 6 months, recent acute febrile illness within 1 week, upper respiratory infection within the previous 72 h, allergy to eggs or egg products, being pregnant or lactating, having immunosuppression as a result of underlying illness or treatment, transfusion of blood products (eg, immunoglobulin) within 3 months before enrollment, receipt of a live-attenuated vaccine within the previous 4 weeks or inactivated vaccine within the previous 2 months, the need to receive a live-attenuated vaccine in the subsequent 4 weeks, use of bronchodilators within the 3 months prior to receipt of the vaccine dose, or any acute or chronic health status that, in the opinion of the physicians, would render receipt of vaccine unsafe or ineffective [8] . [5, 9] . All 3 subtypes of local influenza strains identified in October each season were provided by the Taiwan CDC to be the antigens to assess immunogenicity in study subjects. Table 1 lists the vaccine strains and local Taiwanese strains for the 3 consecutive influenza seasons.
Serological assays. Serum samples were stored frozen at Ϫ20ЊC until analyzed. HAI antibody titers were determined in duplicate, with all of the paired specimens run in the same test. In brief, 25 mL of diluted serum were incubated with an equal volume of antigen containing 4 HA units, and 50 mL of a 0.75% suspension of chicken red blood cells were then added to the mixture [8] . Titers were expressed as the reciprocal of the dilution of serum completely inhibiting HA.
Immunogenicity. For each test antigen, serum HAI antibody titers of 40 were considered to be protective, affording at least a 50% decreased risk for influenza infection or disease [10] . In addition, the guidelines of the European Committee for Proprietary Medicine Products of annual re-licensure of influenza vaccines define the seroprotection rate as the percentage of HAI у40 for adults (18-60 years of age) and elderly individuals (160 years of age) were 70% and 60%, respectively [11] . Geometric mean titers were calculated with 95% confidence intervals by age group. Statistics. The SPSS statistics suite, version 13.0 (SPSS), was used for all descriptive analyses.
RESULTS
In Taiwan [9] . Table 1 lists vaccine strains recommended by the WHO, circulating influenza strains isolated during the peak winter season in Taiwan, and local strains selected for testing in early October during the study periods. Antigenic characterizations between tested local strains and epidemic strains by HAI assay are shown in Table 2 . Over the 3 years of the study, As shown in Table 3 , a total of 1079 subjects of 3 age strata were enrolled and had HAI antibody responses after seasonal influenza vaccination that met the criteria for seroprotection established by the European Committee for Medicinal Products for Human Use. Among these subjects, 301 were randomly selected to test for HAI antibody responses against local Taiwanese strains before the winter influenza seasons. The HAI titers of paired serum samples for each of these subjects ( ) was determined against local strains and are shown n p 301 in Tables 4 and 5 . The number of recruited people per season was 80, 120, and 101, respectively. These subjects were divided into 3 age strata, except for that those 160 years of age in the 2006-2007 season whose serum samples were not available because of an inadequate amount of serum remaining after testing for vaccine strains.
HAI antibody responses that were predictive of seroprotection in adults were all 160% at baseline and after vaccination, 
DISCUSSION
During a 3-year study, we observed that adults and elderly individuals generally have higher seroprotection rates against both vaccine strains and local strains before the start of the influenza season in Taiwan. Post-vaccination HA antibody responses against either vaccine strains or local strains in different age groups did not vary considerably in terms of seroprotection NOTE. Two blood samples were obtained during the study, one on the vaccination date (prevaccination) and one 3 weeks after vaccination (postvaccination). HAI, hemagglutination inhibition. rates. Hence, it was obvious that Taiwanese adults were usually immunologically exposed to vaccine and local strains, and their serological status was not informative. In contrast, the serological status against influenza virus in children is very informative. The least experienced subtype in children usually became the dominant strain in the coming influenza season.
People of all age groups yielded different levels of HAI antibody or neutralization antibody responses to influenza virus. The degree of immunity within an influenza virus subtype is mainly dependent on the previous exposure to natural infection, the individual's immune status, and immunity developed to the annual influenza vaccination [12] . Children younger than 9 years old are relatively immunologically naive to influenza virus and require 2 doses of inactivated influenza vaccine to stimulate an adequate immune response. This immunization regimen is a recommendation by the US Centers for Disease Control and Prevention's Advisory Committee on Immunization Practices and the American Academy of Pediatrics [13- became dominant could be explained as a result of the fact that the lowest seroprotection rate (25%) in children was against H1N1 that year. Hence, it is clear that, if both children and adults have low seroprotection against different strains, the protection rate in children is important, because children are considered to be prolific disseminators of respiratory virus infections and are likely to have an increased probability of spreading influenza virus to their close contacts [12] . It might be possible that measuring serological responses to influenza virus by HAI is less sensitive than measuring neutralizing antibody [17, 18] . Further studies of neutralizing antibody titers to confirm our predictions of influenza epidemic strains through a serological survey of children are warranted.
Vaccination is considered to be a priority of public health departments, because it is an effective way to prevent influenza-associated morbidity, mortality, and expense [19] . However, the effectiveness of annual influenza vaccination is typically poor during those influenza seasons, with a suboptimal match between the vaccine strains and actual circulating influenza strains [20, 21] . Laboratory-based surveillance systems must work efficiently to characterize the circulating influenza strains both antigenically and genetically in a timely manner [6] . Previous surveys showed that epidemic influenza strains usually emerged first in China and Taiwan 1-2 years earlier than these strains appeared in other parts of the world and were chosen as vaccine strains by the WHO [5] [6] [7] . Our novel findings, combined with regular virological surveillance, could provide valuable information to not only possibly predict but also monitor the amplitudes of influenza activities, the virus dynamics of different circulating subtypes, and the characteristics of antigenic drift and possible antigenic shift.
Life-threatening influenza infection could be minimized through adequate personal hygiene, vaccination, and antiviral medication. Recently, resistance of influenza virus to antiviral agents has raised great concern [22] . Through laboratorybased influenza virological surveillance network, information regarding drug resistance determination, HA antigenic characterization, and amplitude of influenza activities could assist in public health sectors and health care providers responding to influenza control measures in time. Furthermore, if we could predict the possible dominant circulating virus through childhood serological studies combined with drug resistance information obtained before the influenza season, a better understanding about the drug resistance situation in the upcoming influenza season would not only allow clinicians to prescribe appropriate antiviral agents but also allow public health departments to properly endorse influenza vaccination program.
Because children are the major disseminators of influenza, the HAI titers developed in young children to local influenza strains circulating before the influenza season indicated the degree of vulnerability a community had to the specific virus strain. If low seroprotection against a specific strain was observed in children, this strain is likely to be the dominant strain in the coming influenza season. Preseasonal survey of seroprotection in children could provide valuable information regarding possible upcoming epidemic strains, which might enable us to design tailored infection control measures before the seasonal influenza epidemic.
